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(57) ABSTRACT 

A method of performing an operation on a ?ash memory cell 
device, used When a gate coupling ratio between a ?oating 
gate and a control gate of less than 0.4. A potential is 
required to be applied across the control gate. Electrons are 
either injected to the ?oating gate from the control gate or 
ejected from the ?oating gate to the control gate. The 
operation associated With the injection or the ejection is 

(73) Assignee: MacroniX International Co., Ltd. _ _ _ _ _ 
determmed by the nature of a silicon channel prov1ded 1n the 

(21) App1_ NO; 11/542,749 device. Devices using a bulk-tied FinFET-like structure are 
particularly suited to this method. The method is also 

(22) Filed; Oct, 3, 2006 particularly suited for use on cells in a NAND array. 

Control Gate, CG (PL2) 

1O \ O2 

12 \ FG (PL1) FH' FG / 12" 
O1 

14 \_ I / 14l 
15 -\ FH HDP Oxide Fin /- 16' 
18 \\' H PL1 //- 18' 

28 \ \_ __/ 
I —l l- _] 

FW 

Fin 
~ 2F 

Process Parameters: PL1: PL1 Thickness 
FW: Fin Width O2: Tunneling Oxide 
FH: Fin Height FH': Recess Thickness for HDP Oxide 
01: Bottom Oxide Thickness F: Technology Node 



Patent Application Publication Apr. 3, 2008 Sheet 1 0f 7 US 2008/0080248 A1 

h .UE 

new 

w 

E \ mumqmczmgm U 
\ 99w 6:50 9:35 3:520.“ 

QEQQQQ Eozom 2mm @562“. wmEo?-wQEO 050220 @5655 now 
m 

m ?mwéczmsm / 3 
NO /NB 

2.8 62:00 @250 62:20.2 



Patent Application Publication Apr. 3, 2008 

N-Channel Device 

vG = -16V 

10 \ Control Gate 

12 \ 74 \ Floating-Gate 

16 \ O1 r18 

n+ 
Source 

Source/Drain = 0V or Floating 

FIG. 2A 

N-Channel Device 

vG = +16V 

10 \ Control Gate 

/\ 

12 \ €O2F 
14 \ Floating-Gate 

16 \ 01 r 18 

20a 24a 22a 

Source/Drain = 0V or Floating 

FIG. 3A 

Sheet 2 0f 7 US 2008/0080248 A1 

P-Channel Device 

vG = -16V 

10 \ Control Gate 

14 \ Floating-Gate 

Source/Drain = 0V or Floating 

FIG. 2B 

P-Channel Device 

vG = +16V 

10 \ Control Gate 

74 \ Floating-Gate 

Source/Drain = 0V or Floating 

FIG. 3B 



Patent Application Publication Apr. 3, 2008 Sheet 3 0f 7 US 2008/0080248 A1 

10 \ Control Gate 

12 \ _ . 02. Top Tunnel Oxide 

Floating-Gate 
O1: Gate Oxide 

14 \ 
28 
\ 76 ‘\\_ Channel 

18 \\ (FinFET) 

Isolation Oxide 

FIG. 4 

2F 1O\ PL2 PL2 / 70 

72 \ 02 02 / 12 

74 \ FG (PL1) FG (PL1) / 14 

16 \ 01 r 26 01 / 16 

Junction / \ Junction / \ Junction 

24 \ Well 

Lg: Channel Length ~F 
F: Technology Node 

FIG. 5 



Patent Application Publication Apr. 3, 2008 Sheet 4 0f 7 US 2008/0080248 A1 

Control Gate, CG (PL2) 

10 \ O2 

12 \ FG (PL1) FH' FG / 12' 
O1 

14 \_ _/ 14l 
16 \ FH HDP Oxide Fin /- 16' 
18 \\ H p|_1 //' 78' 

28 \ \_ _/ 
l_ —'| I- _] 

FW 

Fin 
‘ 2F 

Process Parameters: 
FW: Fin Width 
FH: Fin Height 

PL1: PL1 Thickness 
O2: Tunneling Oxide 
FH': Recess Thickness for HDP Oxide 

01: Bottom Oxide Thickness F: Technology Node 

FIG. 6 

BL1 8L2 
(Floating) (Floating) 

BLT=0V - 

WL1=+9V WL7=+15V WL7=-18V j,- I’; ; 
B~ ‘ ' 

WL16=+9V 9'3: ~';: WL16=-18V —o1';: |—- L|- I- #15, 
SLT=0V SLT=0V 

. _ TM 1 . _ Ti Source Lme-Floatlng Source Llne-Floatlng 
—O——o— 

FIG. 7A FIG. 7B 



Patent Application Publication 

BL1=+1V Floating 
J5 

Apr. 3, 2008 Sheet 5 of 7 

_ | BLT-vPASS —0=| 
A | 

u-l 

_ l5 WLN_VPASS 
_ I 

Source Line=0 

FIG. 7C 

_ lE WL16-+15V 1:1; 

SLT=OV '# 
Source Line=Floating 

FIG. 83 

B 

WL16=-10V : 
SLT=OV 

Source Line=Floating 

FIG. 

BMW 

US 2008/0080248 A1 

n I v 
\ I 

1 ‘r: 

I 

i 
l 
| 
| 

BL1=-1V Floating 

WLN=VPASS 

SLT=VPASS 
Source Line=0 

FIG. 

A53 
i] 
J 

3% 



Patent Application Publication Apr. 3, 2008 Sheet 6 0f 7 US 2008/0080248 A1 

+FN Characteristics 
6 

4 

2 

A 0 

Pr. 
> -2 

.4 
(16:03 \ 

-6 O1=7nm 
O2=10nm 

_8 l .....| . inn-l . ......l . ......| . .Liun . ......| . . “m 

10-8 10-7 10-6 10-5 104 10-3 1o-2 10'1 
Time (Sec) 

FIG. 9A 

-FN Characteristics 
12 - 

E "I 

10 f O1=7nm 8 i O2=10nm /-' 

: / 
6 i ./ 

s I 

>'_ E 
2 I _ vG=-15v 

O : "I ' -—-— I '1' - .... -- v =-17v 

-2 I G 

_4 : . .....| .4.J,..| . .nu-l . ..“..l i ...--.| . ......l . . n... 

10'8 10'7 10-6 10-5 104 10-3 10'2 10-1 
Time (Sec) 

FIG. 9B 



Patent Application Publication Apr. 3, 2008 Sheet 7 0f 7 US 2008/0080248 A1 

F=50nm F=40nm F=30nm F=20nm 

Channel Length (Lg) 500 A 400 A 300 A 200 A 

Fin Width (FW) 200 A 160 A 120 A 80 A 
Fin Height (PH) 800 A 640 A 480 A 360 A 
HDP Recess (PH) 300 A 240 A 180 A 250 A 
Bottom Oxide (O1) 70 A 70 A 60 A 60 A 

PL1 Thickness (PL1) 150 A 120 A 90 A 50 A 

Poly Oxide (O2) 100 A 100 A 90 A 90 A 

0‘G 0.3 0.29 0.29 0.35 

0‘B 0.62 0.61 0.59 0.52 

0LWL-WL 0.026 0.031 0.035 0.04 

0‘BL-BL 0.048 0.066 0.082 0.088 
PL1 Distance in BL Direction 360 A 260 A 180 A 100 A 

- _______________________ "v 
0.6- _____ ?v __________ __ v 

0.4 - Couplmg Ratlo 
S) 

15 20 25 30 35 40 45 50 55 

Technology Node (nm) 

FIG. 10 



US 2008/0080248 A1 

CELL OPERATION METHODS USING 
GATE-INJECTION FOR FLOATING GATE 

NAND FLASH MEMORY 

BACKGROUND OF THE INVENTION 

[0001] The use of ?oating gate technology in ?ash 
memory devices is Well known. Typically, a Si channel of n 
or p type semiconductor is provided. The ?oating gate 
transistor is surrounded by oxide, enabling a charge stored 
on the gate to remain there. Program and erase operations 
take place by a process of channel injection. Electrons 
undergo FoWler-Nordheim (FN) tunneling and are trans 
ferred from the channel to the ?oating gate, and vice-versa, 
during operation. 
[0002] To provide an e?icient channel injection, the pos 
sibility of a gate injection (transfer of electrons betWeen the 
control gate and ?oating gate via FN tunneling) must be 
reduced. This is accomplished by maximizing the gate 
coupling ratio. The gate coupling ratio (GCR) is de?ned as 
the ratio of ?oating gate potential to control gate potential. 
A GCR of l is optimal, but a GCR greater than 0.6 is 
su?icient for most ?ash memory devices. 
[0003] This result is satisfactory for larger memory 
devices, but When these devices are scaled doWn, a high 
GCR becomes di?icult to maintain. For NAND ?ash in 
particular, a GCR of less than 0.3 is predicted When the node 
is beloW 45 nm. The bottom tunnel oxide Will not have a 
su?iciently large electric ?eld to alloW FN tunneling. More 
over, future ?ash memory devices Will require FinFET-like 
structures to improve device short-channel characteristics. 
These structures have a naturally large channel to ?oating 
gate coupling capacitance, and thus a naturally loW GCR. 
[0004] Additionally, there is a problem of inter-?oating 
gate coupling in traditional ?ash memory device arrays. 
Inter-?oating gate coupling capacitance is comparable to the 
gate coupling capacitance of the channel and ?oating gate as 
the density of cells in the array becomes greater. This causes 
interference among the cells Which deteriorates functionality 
of the ?ash memory device. Furthermore, electric ?eld stress 
on the gate oxide affects reliability and endurance of the 
unit. 
[0005] It is therefore desirable to operate the ?oating gate 
apparatus in such a Way as to enable efficient FN tunneling 
to the ?oating gate, particularly When using a FinFET-like 
structure. It is also desirable to operate the ?oating gate 
apparatus in such a Way as to increase reliability and 
endurance, and to reduce inter-cell interference as the 
devices are scaled doWn. 

BRIEF SUMMARY OF THE INVENTION 

[0006] A method of performing an operation on a ?ash 
memory cell device is provided When a gate coupling ratio 
betWeen a ?oating gate and a control gate is less than 0.4. A 
potential is required to be applied across the control gate. 
Electrons are either injected to the ?oating gate from the 
control gate or ejected from the ?oating gate to the control 
gate. The operation associated With the injection or the 
ejection is determined by the nature of a silicon channel 
provided in the device. 
[0007] For n-Channel cells, Writing is accomplished by 
ejecting electrons from the ?oating gate to the control gate. 
Erasing is accomplished by injecting electrons to the ?oating 
gate from the control gate. For p-Channel cells, Writing is 
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accomplished by injecting electrons to the ?oating gate from 
the control gate. Erasing is accomplished by ejecting elec 
trons from the ?oating gate to the control gate. 
[0008] Devices having a bulk-tied FinFET-like structure 
are particularly suited to this method, as the structure creates 
a naturally loW gate coupling ratio. This method is also 
particularly suited for use on cells in a NAND ?ash memory 
array since it alloWs scalability of the cells doWn to beloW 
20 nm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The foregoing summary, as Well as the folloWing 
detailed description of preferred embodiments of the inven 
tion, Will be better understood When read in conjunction With 
the appended draWings. For the purpose of illustrating the 
invention, there is shoWn in the draWings embodiments 
Which are presently preferred. It should be understood, 
hoWever, that the invention is not limited to the precise 
arrangements and instrumentalities shoWn. 
[0010] FIG. 1 shoWs typical cross-sectional vieWs in the 
channel length direction of ?ash memory cells for use in one 
preferred embodiment of the present invention. 
[0011] FIGS. 2A, 2B, 3A, and 3B shoW electron injection 
and electron ejection by :FN tunneling in both n and p 
Channel cells in accordance With one preferred embodiment 
of the present invention. 
[0012] FIG. 4 shoWs a cross-sectional vieW in the channel 
Width direction of a preferred ?ash memory cell for use in 
one preferred embodiment of the present invention. 
[0013] FIGS. 5-6 shoW a cross-sectional vieW in the 
channel-length and Width directions of tWo ?ash memory 
cells in NAND arrays for use in accordance With one 
preferred embodiment of the present invention. 
[0014] FIGS. 7A-7C and 8A-8C shoW operations on cells 
in n-Channel and p-Channel NAND arrays for use in accor 
dance With one preferred embodiment of the present inven 
tion. 

[0015] FIGS. 9A and 9B shoW plots of threshold voltage 
(in volts) vs. time (in seconds, logarithmic scale). 
[0016] FIG. 10 shoWs data for technology nodes of vary 
ing siZes indicating scalability doWn to less than 20 nm. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] FIG. 1 shoWs typical cross-sectional vieWs in the 
channel length direction of ?ash memory cells for use in 
embodiments of the present invention. The left diagram of 
FIG. 1 shoWs an n-Channel device. The structure contains a 
Si channel 18, With a p-Well 24a and n-doped source 20a and 
drain 2211. In preferred embodiments, a bulk-tied FinFET 
structure is used. The structure also contains a gate oxide 16, 
a charge-storage ?oating gate 14, an inter-poly, top-tunnel 
ing dielectric 12, and a control gate 10. The right side of 
FIG. 1 shoWs a p-Channel device, Which is identical to the 
n-Channel device, except that the Si channel 18 contains an 
n-Well 24b, and p-doped source 20b and drain 22b. 
[0018] The bottom gate oxide 16 is under relatively small 
electric ?eld stress, typically less than about 7 MV/cm, 
during program and erase operations. This avoids any FN 
tunneling, Which prevents much of the damage occurring in 
conventional ?ash memory devices, and alloWs a better DC 



US 2008/0080248 A1 

performance. Additionally, the bottom oxide 16 and the 
tunneling oxide 12 are separate. This enhances reliability 
and endurance. 

[0019] Referring to FIGS. 2A and 2B, the electron injec 
tion from the control gate 10 by —FN tunneling is illustrated. 
Referring to FIG. 2A, an erase is affected on the n-Channel 
device by applying a high threshold voltage to the control 
gate 10, for example, —1 6 V. For a GCR of 0.3, the potential 
of the ?oating gate 14 is —4.8 V. The electric ?eld in the 
bottom oxide 16 is less than 8 MV/cm, but the electric ?eld 
in the top oxide 12 is greater than 10 MV/cm, and therefore 
tunneling occurs from control gate 10 to the ?oating gate 14. 
FIG. 2B, shoWing a p-Channel device, is similar. HoWever 
the device is performing a Write operation rather than an 
erase, due to the nature of the Si channel 18. A GCR of less 
than about 0.4 is preferred for electron injection in both 
n-Channel and p-Channel devices. 
[0020] Referring to FIGS. 3A and 3B, the electron ejection 
from the ?oating gate 14 by +FN tunneling is illustrated. 
Referring to FIG. 3A, a Write operation is affected on the 
n-Channel device by applying a loW threshold voltage to the 
control gate 10, for example, +l6V. For a GCR of 0.3, the 
potential of the ?oating gate 14 Will be +4.8 V. The electric 
?eld in the bottom oxide 16 is less than 8 MV/cm, but the 
electric ?eld in the top oxide 12 is greater than 10 MV/cm, 
and therefore tunneling occurs from the ?oating gate 14 to 
the control gate 10. FIG. 3B, shoWing a p-Channel device, 
is similar. HoWever the device is performing an erase 
operation rather than a Write operation, due to the nature of 
the Si channel 18. A GCR of less than about 0.4 is preferred 
for electron ejection in both n-Channel and p-Channel 
devices. 

[0021] FIG. 4 shoWs a cross-sectional vieW in the channel 
Width direction of a ?ash memory cell for use in one 
preferred embodiment of the present invention. A high 
density plasma (HDP) oxide 28 surrounds the channel 18, 
gate oxide 16, and ?oating gate 14. This oxide 28 isolates the 
cell from surrounding cells. The Si channel 18 is a FinF ET 
structure. One method of obtaining a small GCR is to 
increase the area betWeen the channel 18 and the ?oating 
gate 14, thereby increasing the coupling capacitance 
betWeen the tWo. A typical FinFET structure naturally cre 
ates a large coupling area betWeen the channel 18 and the 
?oating gate 14, Which makes it particularly suitable for use 
in accordance With a preferred embodiment of the present 
invention. 

[0022] FIG. 5 shoWs a cross-sectional vieW in the channel 
length direction of tWo ?ash memory cells in a NAND array 
for use in accordance With a preferred embodiment of the 
present invention. A Well 24 runs along a bit line (not shoWn 
in FIG. 5) in the array. The cells share a junction 26. The 
distance betWeen the ?rst comer of the control gate 10 and 
the corresponding comer of control gate 10' is 2F, Where F 
is the Width of the cell, also called a technology node. 

[0023] FIG. 6 shoWs a cross-sectional vieW in the channel 
Width direction of tWo ?ash memory cells in a NAND array 
for use in accordance With a preferred embodiment of the 
present invention. The HDP oxide 28 isolates the channel 
?ns 18 and 18' from each other. The control gate 10 runs 
along a Word line (not shoWn in FIG. 6) in the array. The 
cells share this gate 10. The distance betWeen the ?rst edge 
of the ?n 18 and the corresponding edge of ?n 18' is 2F, 
Where F is as de?ned for FIG. 5. 
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[0024] FIGS. 7A, 7B, and 7C shoW operations in an 
n-Channel NAND array in accordance With a preferred 
embodiment of the present invention. In FIG. 7A, the 
threshold voltage for cell A is loWered by applying, for 
example, 15 V along the adjoining Word line and grounding 
the corresponding bit line. +FN tunneling occurs and cell A 
is programmed. Neighboring cells B, C, and D have program 
disturbances at acceptable levels. In FIG. 7B, the threshold 
voltage is increased to, for example, —1 8 V on all Word lines. 
—FN tunneling occurs and programmed cells are erased. In 
FIG. 7C, cell A is read out by applying an appropriate 
potential to the corresponding Word line, and applying a pass 
voltage to other Word lines to alloW a read through current. 

[0025] FIGS. 8A, 8B, and 8C shoW operations in a 
p-Channel NAND array in accordance With a preferred 
embodiment of the present invention. In FIG. 8A, the 
threshold voltage for cell A is increased by applying, for 
example, —1 8 V along the adjoining Word line and grounding 
the corresponding bit line. —FN tunneling occurs and cell A 
is programmed. Neighboring cells B, C, and D have program 
disturbances at acceptable levels. In FIG. 8B, the threshold 
voltage is loWered to, for example, +15 V on all Word lines. 
+FN tunneling occurs and programmed cells are erased. In 
FIG. 8C, cell A is read out by applying an appropriate 
potential to the corresponding Word line, and applying a pass 
voltage to other Word lines to alloW a read through current. 

[0026] FIGS. 9A and 9B are plots of threshold voltage (in 
volts) vs. time (in seconds, logarithmic scale). The plot in 
FIG. 9A shoWs the drop in threshold voltage associated With 
+FN tunneling from the ?oating gate. The GCR is ?xed at 
0.3, the bottom oxide thickness (O1) is set to 7 nm, and the 
tunneling oxide thickness (02) is set to 10 nm. Three 
different potentials Were applied to the control gate. The 
results demonstrate that a large memory WindoW can be 
obtained using a medium range voltage. The plot in FIG. 9B 
shoWs the increase in threshold voltage associated With —FN 
tunneling from the control gate. The simulation sets the 
same GCR, O1, and 02 parameters as in FIG. 9A, and 
applies the same potentials across the control gate. 

[0027] FIG. 10 shoWs a table and plot of coupling ratio vs. 
technology node siZe (in nm). The simulation Was conducted 
With decreasing node siZe doWn to about 20 nm. otG is the 
GCR. 0L5 is the coupling ratio betWeen the ?oating gate and 
the channel. (XWLWL is the interference coupling ratio 
betWeen cells on the same Word line. (XBDBL is the interfer 
ence coupling ratio betWeen cells on the same bit line. The 
remaining process parameters in the left-hand column of the 
table are de?ned and labeled in FIGS. 5 and 6. 

[0028] The data from FIG. 10 shoWs that a ?oating gate 
device utiliZing gate-injection methods as described above 
has scalability doWn to a technology node siZe of less than 
about 20 nm. The gate coupling ratio can be maintained at 
about 0.3 . Additionally, the interference coupling ratios from 
adjacent cells can be limited to beloW 0.1, eliminating much 
of the deterioration on cell function. 

[0029] It Will be appreciated by those skilled in the art that 
changes could be made to the embodiments described above 
Without departing from the broad inventive concept thereof. 
It is understood, therefore, that this invention is not limited 
to the particular embodiments disclosed, but it is intended to 
cover modi?cations Within the spirit and scope of the present 
invention. 



US 2008/0080248 A1 

What is claimed is: 
1. A method of performing an operation on a ?ash 

memory cell device, the device having a gate coupling ratio 
betWeen a ?oating gate and a control gate of less than about 
0.4, the method comprising: 

(a) providing a potential across the control gate; and 
(b) injecting electrons to the ?oating gate from the control 

gate or ejecting electrons from the ?oating gate to the 
control gate. 

2. A method of performing an operation on a ?ash 
memory cell device, the device having a bulk-tied FinFET 
like structured silicon channel, and having a gate coupling 
ratio betWeen a ?oating gate and a control gate of less than 
about 0.4, the method comprising: 

(a) providing a potential across the control gate; and 
(b) injecting electrons to the ?oating gate from the control 

gate or ejecting electrons from the ?oating gate to the 
control gate. 

3. The method of claim 2, Wherein the silicon channel is 
an n-channel type, and step (b) further comprises: 

(i) programming the cell by ejecting electrons from the 
?oating gate to the control gate; and 

(ii) erasing the cell by injecting electrons to the ?oating 
gate from the control gate. 

4. The method of claim 2, Wherein the silicon channel is 
a p-channel type, and step (b) further comprises: 

(i) programming the cell by injecting electrons to the 
?oating gate from the control gate; and 
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(ii) erasing the cell by ejecting electrons from the ?oating 
gate to the control gate. 

5. A method of performing an operation on a ?ash 
memory cell device provided in a NAND ?ash memory 
array, the device having a bulk-tied FinFET-like structured 
silicon channel, and having a gate coupling ratio betWeen a 
?oating gate and a control gate of less than about 0.4, the 
method comprising: 

(a) providing a potential across the control gate; and 
(b) injecting electrons to the ?oating gate from the control 

gate or ejecting electrons from the ?oating gate to the 
control gate. 

6. The method of claim 5, Wherein the silicon channel is 
an n-channel type, and step (b) further comprises: 

(i) programming the cell by ejecting electrons from the 
?oating gate to the control gate; and 

(ii) erasing the cell by injecting electrons to the ?oating 
gate from the control gate. 

7. The method of claim 5, Wherein the silicon channel is 
a p-channel type, and step (b) further comprises: 

(i) programming the cell by injecting electrons to the 
?oating gate from the control gate; and 

(ii) erasing the cell by ejecting electrons from the ?oating 
gate to the control gate. 


